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ABSTRACT 
The dissertation comprises of two chapters. First 
is the General Introduction which is based on relevant 
literature. It gives a description of physiological 
properties of 2,4-dinitrophenylhydrazine (DNPH) type 
reactions that can be suitable for the analysis of 
polynitroaromatics and a detailed expose of Anionic Sigma 
Complexes. The reason for considering DNPH as a non 
conventional donor is also given. 
The second chapter deals with a novel way of 
determining DNPH specifically by a kinetic - analytical 
method. The reaction of DNPH with aliphatic amines generates 
a deep green colour in DMSO which fades with time to an 
almost colourless solution. Addition of a few /IL of alkali 
hydroxide again generates an intense colour, red-violet 
this tine and the kinetics of the decomposition of this 
red-violet colour is the basis of this method. 
This method is superior to other colorimetric 
mehods for polynitroaromatics where unstable colours and 
complete leack of specificity preclude their efficacy. 
CHAPTER -1 
GENERAL INTRODUCTION 
2,4-DINITROPHENYLHYDRAZINE: 
SOME PHARMACEUTICAL AND BIOLOGICAL ASPECTS 
2,4-Dinitropheylhydrazine (DNPH) is an important 
reagent for a variety of functional groups and 
specially for the carbonyl group. However, it has a 
important role in various agricultural, biological and 
pharmaceutical applications. It is used in the 
determination of larvicidal activity . It is used in 
2 
the preparation of herbicides . The effects of 
dicumarol were ivestigated in the Ames reversion test 
by assaying several mutagens including DNPH in the 
presence of a variety of metabolic systems where it 
was noted that dicumarol partially prevented metabolic 
3 loss of mutagennicity . The structural basis of the 
mutagenicity of chemicals icluding DNPH has been 
4 
studied in Salmonella typhimurium , An ion-exchange 
method has bee developed for the development of some 
chemical carcinogens and cancer suspect agents which 
include DNPH . An improved bioluminescence test for 
mutagenic agents has been described. All the chemicals 
including DNPH which are active to the Ames test gave 
a positive response . A model has been described for 
predicting mutagenicity of organic compounds like 
7 DNPH . DNPH has been used for improving service life of 
g 
engine oil . The mechanism of hepatic megamitochondria 
formation by ammonia derivatives like DNPH has been 
studied . HPLC has been used for the estimation of 
aldenydes in blood and tissues via the analysis of 
their DNPH adducts . A comparison has been made for 
DNPH and correlation between toxic potency in animals 
and toxic potency in Salmonella typhimurium . DNPH-
uracil compound is an anticancer drug and its analysis 
12 
was carried out in pure and dosage forms 
2,4-Dinitrophenylhydrazine(I) is a non-conventional 
1 2 
NH - NH, 
NO, 
(I) 
acceptor as it has a powerful donor group vthe 
hj-drazine group;, moreover it is interesting to 
uncover whether deprotonation takes place from N or 
In the present study the reaction between an 
amine and hydrazine is also interesting. 
SELECTED ANALYTICAL STUDIES OF POLYNITROAROMATICS: 
Polynitroarmatics is an important class of 
compounds of which 2,4-DinitrophenylhYdrazine is a 
member. 
Basically polynitroaromatics form two types of 
intensely coloured complexes. Charge Transfer 
Complexes are usually formed in a so called inert 
solvent like carbontetrachloride wnile anionic sigma 
14 
complexes are formed, more readily, in dipolar aprotic 
solvents (usually dimethylsulphoxidej. 
Anionic sigma complexes are much more intensely 
coloured and the colours are sharp. However they 
usually decompose to give colourless solutions and 
hence few reliable colour reactions exist for this 
class. 
Two methods may therefore be more amenable for 
their analysis. 
The so called thermodynamic methods and those 
based on chemical kinetics . 
Various pairs of reactants capable of forming 
charge transfer complexes. Sigma complexes etc and 
which can be utilised for the analysis of nitro-
compounds are given in Table 1. 
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Usually a reaction followed by one polynitro-
aromatic is general for the whole class. 
Since most colour reactions of polynitroaro-
matics are based on Anionic Sigma Complexes, a brief 
discussion follows. 
ANIONIC SIGMA COMPLEXES 
The fascinating interactions of electron 
deficient aromatics with nucleophiles may lead to 
intensely coloured solutions. The nature of these 
interactions depends upon the reactant structure and 
solvent environment. Generally there is a transfer of 
charge from nucleophile to aromatics. The type of 
interaction is characterized by the extent of such 
transfer and the way in which it occurs. Donor-
acceptor (Aj complexes may form in which bonding is 
^uite weak and delocalized. Such interactions have 
been discussed above. Stronger interactions may result 
in covalently bonded 0~ complexes. A brief account of 
these complexes is given below. 
In 1900, a quinoid structure (1) was proposed by 
52 Jackson and Gazzolo for the coloured adducts formed 
from picryl ethers and potassium alkoxides. 
53 Meisenheimer obtained substantial evidence for (1) 
by isolating the same product from 2,4,6-trinitroanisole 
12 
and potassium ethoxide, and 2,4,6-trinitrophenetole 
and potassium methoxide. Such addition complexes have 
been found to adequately describe adducts from a wide 
variety of nucleophiles and electron deficient 
aroraatics. They are commonly termed Meisenheimer or 
Jackson 
structure determinations have conclusively established 
54 55 Meisenheimer ' complexes. Crystal 
the structure of complexes like (Ij (R, = R„ = CH^CH^, 
, - xx_ - ^11-,). In recent years the quinoid structure Rj_ = R^ = CH 
(1) has been abandoned for a more "modern 
delocalized structure!2). Molecular orbital 
C C CO 
calculations and crystal structure determinations 
indicate that most of the negative charge is located 
3 
on the N0_ group para to the Sp ring carbon. 
Therefore, Jackson's originally proposed structure (1) 
is a more suitable representation than (2J, and the 
quinoid form is used here. 
OR 
N02K'*' NO- NO' 
(1) (2) (3) 
13 
The anionic ring of six-membered carbocyclic 
sigma complexes has been termed as cyclohexadienate. A 
major development in the structural characterization 
of anionic 0~~complexes occurred in 1964 with a report 
S9 
of the PMR spectrum of KR. = R2 = ^^3)- '^ °^ years 
later enough PMR spectral data were available 
Coupled with evidence from visible and infrared 
spectroscopy, structures were assigned to a wide 
variety of such complexes. Recent crystallographic 
studies have supported the structures deduced by 
spectroscopic methods. 
The crystal structures of three sigma complexes 
54 55 61 have been determined ' ' . Two of these are picryl 
54 55 
ether adducts with methoxide ' and the third is a 
methoxide adduct of 4-methoxy-5-7-dinitrofurazan 
The structural parameters have several interesting 
features in commons figure 1). The C-4-N-2 bond is 
significantly shorter than the C-2-N-1 or C-6-N-3 
bonds. This is in accord with a structure in which 
resonance contributors like (1) are more important 
than those which have a single C-4-N-2 bond. It is 
therefore likely that a large proportion of negative 
charge is localized on oxygen atoms of the NO^ group 
para to C-1. This conclusion is supported by molecular 
orbital calculations and by the C-2-C-3 and C-5-C-6 
14 
RO7 ,C6-TT^5^ 
Fig. 1: Pertinent structural parameters for 
1,i-dialKoxy-2,4,6-trinitrocyclonexadienate 
complexes (values in parentheses, 
R = CH^CH^; unparenthesized, R = Cti^ } 
All bond lengths are in angstroms. 
lb 
bond lengths (figure 1) which are shorter than the 
other C-C ring bonds. The rings are planar in all the 
structures, and a C-2-C-1-C-6 bond angle of 109° in 
the 2,4,6-trinitrocyclohexadienate complexes results 
in considerable strain. Tis is partially reflected in 
the 0-7-C-1-0-8 angle of 100° . Ring planarity and 
concomitant ring strain may result from steric 
compression between geminal - alkoxyl and ortho ring 
carbons, C-2 and C-6- The distance between one of 
these ring carbons and a methoxyl group is 2.95 A°, 
less than the sum of the Van der Waals radii of the 
two carbon atoms. The plane containing the two alkoxy 
oxygen and C-1 is perpendicular to the ring plane and 
bisects the latter in the 2,4,6-trinitrocyclohexa-
dienate complexes. The CO bond length, close to that 
54 
observed in aliphatic ethers , is much greater than 
that in 2,4,6-trinitrophenetole . The latter has 
double - bond character from delocalizatin of an 
oxygen lone pair into the aromatic ring. These 
observations are in accord with complexes in which C-1 
3 
has considerable Sp character. The NO^ groups ortho 
to C-1 are nearly coplanar with the ring , whereas 
dihedral angles upto 62° have been observed between 
the ring and N0_ groups ortho to ethoxyl in 
trinitrophenetole, presumably owing to steric 
compression between these functions. Release of this 
16 
compression in the complex may be one of the primary 
reasons for greater thermodynamic stability of geminal 
alkoxy fl—complexes like 1, relative to 1,2 complexes 
like 3. 
Certain structural features shown in figure 5 
are likely to be characteristic of <J~ complexes in 
general. The plane of the anionic ring will tend 
towards a perpendicular arrangement with respect to 
that of C-1 and its substituents, and a NO^ group para 
to C-1 will carry a large portion of the charge 
originally associated with the attacking nucleophile. 
These characteristics are consistent with 
interpretations of PMR spectra. Prediction of 
conformational preference in solution based on the 
results of crystal - structure determination should be 
made cautiously. Intermolecular forces in the crystal 
have a profound and many times dominant effect on 
conformations. 
The chemistry of the anionic sigma complexes has 
been studied mostly by PMR spectroscopy. It is 
therefore necessary to give a brief outline of the 
results obtained by the use of this technique for the 
reaction of 1,3,5-trinitrobenzene (TNBj with aliphatic 
amines. TNB has been selected because it is a 
symmetrical compound and hence the discussion is 
17 
simplified. The results obtained are relevant to the 
study of other nitro compounds. 
/: o ^  zT /T 
Tne PMK spectrum of TNB in non basic 
solvents show a singlet at 0.8. Addition of a basic 
or electron rich species to the solution causes 
changes in the spectrum depending upon the nature of 
the species added. When aromatic amine or other 
aromatic donor hydrocarbons are added weak CT 
complexes are formed. The singlet from TNB is shifted 
upfiled and the shift is proportional to donor 
concentration . These observations are consistent 
with a donor-acceptor equilibrium (equation 1) which 
is rapid compared to the PMR time scale. 
O2N Y ^ ^ ^ 
^ 
'HO-
no. 
^X,*"'" °2« 
' ^ ^ 
NO, 
(K; 
n 
(1) 
The TNB protons resonate at a frequency which is the 
weighted average of the frequencies of complexed and 
uncomplexed aromatic. The extent of upfield shift from 
pure TNB nas been used to compute equilibirium 
/T Q _ "^  O 
constants for the i n t e r a c t i o n with various donors 
On adding primary or secondary a l i pha t i c amines, 
alkoxides, hydroxides, sulphides to a solut ino of TNB 
18 
in polar solvants d i f fe ren t spectral changes are 
observed. New resonances appear a t high field which 
increase as the low f i e ld TNB resonance decreases. 
Observation of discrete resonances for both TNB and 
r e su l t ing complex in the same solut ion i s in accord with 
formation of a species which undergoes nucleophilic 
59 74 75 change slowly ' ' . Since there are two new resonance 
for the complex i t must be suf f ic ien t ly lony lived for 
59 both to appear separately' These observations are 
explained by the equilibrium (equation 2) where K is 
small, 
H 
•v 
^ f 
^r 
O2N 
>fc 
H^ 
H^ R 
vN V 
N02 
14) 
...(2J 
The high fiedl ring proton resonance of (4) 
C • • 3 2 
results from H which is bonded to Sp carbon. The Sp 
ring protons, H^ are shifted upfield from the TNB 
resonance to a lesser extent. The latter upfield shift 
has been attributed to increased negative charge in the 
59 
ring of the complex although diminished diamagnetic 
anisotropy resulting from decreased ring current may also 
be important . The H resonance of (4) ranges from'Y 1-3 
p 
to 1.8 and that for H from't'3.6 to 5.0. The 
19 
exact shift for the latter absorption depends on the 
electronegativety of the atom attached to C-1. For 
R = OR, NR„ and CR^ the H resonance occurs atY3.6-4.0, 
4.3-4.5 and 4.5-5.0 respectively. 
Addition of ammonia 76 methyl amine 60,76 
-^ ^^ -, • 60 J. ^^ 1 . 60,76,77 . .,. 76 dimethylamine , diethylamme , piperidme or 
2-aminoethanol to DMSO solutions of TNB yields the 
ammonium or alkyl ammonium salts of (5). The 
equivalents of amine is required per equivalent of 
aromatic (equation 3). 
NR1R2 
2 RiRoNH + TNB t U~N RiR~ 
NO2 
(5) (3) 
Although the chemical shift of the Sp ring protons is 
3 
the same as that m oxygen base complexes, the Sp 
ring proton resonance appears about 0.7 ppm upfield 
from that in structures like ( 6 ) . 
H .OCH3 
O2N NO-
NO-
(6) 
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The NH proton resonance appears as a singlet 
2 3 
at low field. The SP and Sp protons are not coupled 
in (5) in contrast to a coupling constant of approxi-
mately 1 cycles/sec for the oxygen base analogues. This 
difference is attributed to a shorter life time for the 
amine complexes, a conclusion supported by the observed 
broadening of the ring proton resonances in excess 
aromatic. Line-width measurements on the piperidine 
complex spectrum provide an estimated life time of 
about 0.1 sec . This result is supported by 
determinations of Kf and Kr for similar amine complexes 
in aqueous dioxane. The PMR results are supported by 
conductivity measurements which show a linear increase 
in the conductance of solutions of TNB in DMSO as 
primary or secondary amines are added. The increase 
7fi drops rapidly at 2:1 ratio of amine to aromatic . With 
tertiary amines the conductance remains close to zero 
and no profound changes are observed in the PMR 
spectrum of the starting aromatic. (5) could form by 
attack of amine on the aromatic to produce a Zwitterion 
(7) followed by a proton loss to a second molecule of 
amine (equation 4) or by direct attack of amide ion, 
formed by autoprotolysis, on the aromatic (equation 5). 
The latter process is considered less likely as the 
2i 
rapidity of interconversion of free aromatic and 
complex evidenced by PMR would require tremendously 
large rate constants for amide ion attack since the 
concentration of the species should be quite small 
O2N 
NHKj^R2 
NO. 
K. 
TNB + R^R2NH ^ 
K, 
R-j^ R2NH 
K eq 
NO-
(7)' 
5,H2NR^R2 (4) 
R^R2NH =^  R,R2NH 
_ TNB 
+ R^R2N ''C 
+ 
5, HNR^R2 (5 
In aqueous dioxane the anionic sigma complex 
has been shown to form via the Zwitterion (7;, and the 
rate constant K^ and K (equation 5) as well as pKa of 
(7) [ (R^ = n - Bu, R2 = H; R-,^  R2 = -(^2)5-] have 
,78 been determined by a temperature jump method . In this 
same solvent mixture, evidence was obtained for attack 
on a N0„ group to yield the oxyhydroxylamine (8) 
L(R^ = n - Bu, R^ = H; R^ = R^ = -{CU^)^]'^^. 
N - NRj^ R2 
(8/ 
22 
In view of the above it is evident that he 
specific analysis of DNPH is an important requirement. 
As mentioned the general methods for the analysis of 
polynitroaromatics including DNPH suffer from the 
disadvantage that colours formed are highly unstable. 
Therefore kinetic methods would be ideal. 
^J 
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CHAPTER - n 
ANALYSIS OF AN IMPORTANT 
PHARMACEUTICAL 
2,4 - DINITROPHENYLYHYDRAZINE 
A KINETIC METHOD FOR SPECIFIC 
DETERMINATION 
3i 
INTRODUCTION 
2,4-Dinitrophenylhydrazine (DNPH) is an important 
reagent for a variety of functional groups and especially for 
the carbonyl group. It finds use in measurement of 
1 2 3-7 
larvicidal activity , in herbicides , as a mutagen 
Service life of engine oil may be increased using DNPH . DNPH 
derivatives of ammonia have been used for the HPLC 
9 determination of aldehydes m blood . The DNPH-uracil 
compound is an effective anti cancer drug 
Recently we published a paper for the kinetic and selective 
determination of DNPH (as aliphatic amines give similar 
colours). In this paper we propose another method, this time 
for the specific determination of DNPH. 
EXPERIMENTAL 
DNPH was Fluka Guaranteed Reagent and was used as recieved. 
n-Butylamine was a laboratory reagent from BDH and was used 
without further purification. DMSO was a Kochlight reagent 
and was purified by passing simultaneously through a cation 
exchanger followed by an anion exchanger. All other reagent 
were AnalaR grade. 
Stock solution of DNPH (5 mg per 10 ml solvent) were prepared 
in DMSO and diluted as required. The kinetics of the reaction 
was studied spectrophotometrically on a systronics-105 
32 
spectrophotometer at a wavelenth of 500 nm in a temperature 
controlled water bath. 
RESULTS AND DISCUSSION 
On mixing 0.5 ml of 0.50 M n-Butylamine to a solution of DNPH 
generates a deep green colour. The green coloured solution 
decomposes completely to give a colourless solution by 
heating in a boiling water for 15 minutes. 
On the addition of 1-2 drops of a 4N solution of NaOH to the 
decomposed solution generates a deep red colour. The red 
colour also decomposes with time. The Absorbances for 
decomposition of the red colour were measured at an interval 
of 30 seconds till the solution again becomes colourless. 
Figure 1 shows a plot of 1/A v/s t for the decomposition of 
the red coloured solution. 
A plot of the intercepts of the straight lines obtained in 
figure 1 v/s concentration of DNPH (inmol 1~ )also give a 
linear response. The calibration curve is given in figure 2. 
By this method 4.9 ppm to 14.7 ppm DNPH can be determined. 
Absolutely no green colours are observed with carbohydrates [L( + ) 
arabinose and lactose, D(+) melezitose, glucose, rhamnose and 
sucrose], acids (acetic, formic, tartaric, phthalic, 
pyrogallic and oxalic), alcohols (propan-2-ol, ethanol, 
methanol, 2-methylpropan-2-ol, pentanol and 3-methylbutan-l-ol, 
2-methylbutan-l-ol), hetrocyclic bases (pyridine), aldehydes 
(formaldehyde, acetaldehyde, benzaldehyde, paraldehyde and 
33 
p-chlorobenzaldehyde), ketones (acetophenone, cyclopentanone, 
cyclohexanone, propiophenone, benzophenone), hydrocarbons and 
their derivatives (benzene, xylene, o-dichlorobenzene, 
bromobenzene and toluene), ethers (diethyl, anisole and 
1,4-dioxan), amino acids (DL-tryptophan, L-lysine, 
DL-phenylalanine, L-hitidine), anilides (acetalnilide and 
benzanilide), nitriles(acetonitrile and benzonitrile), amides 
(acetamide and benzamide), phenols (phenol, m-cresol and 
resorcinol) and miscellaneous compounds (chloroform, carbon 
tetrachloride, urea and thiourea). 
The method is therefore specific for DNPH. The decomposion 
is faster at elevated temperatures and the effect of 
temperature is shown in figure 3. 
The product of decomposition with amine and DNPH alone has 
been reported earlier 
It seems on adding alkali hydroxide further substitution take 
place to give a red coloured anionic sigma complex : 
Q 
^-----NNH T O H 
"2 Ho N02 
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Thought the range of the determination is a narrow range, 
this factor is offset by the fact that a specific method has 
been proposed for an important pharmaceutical where perhaps 
specific methods do not exist. 
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F i g . 1: Kine t ic p l o t s for t h e decomposi t ion of t h e red 
coloured complex ob ta ined by adding NaOH t o 
decomposed DNPH-Aliphatic amine mix ture in DMSO 
at 20°C. 
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Fig. 2: Temperature dependence for the kintic plots 
for the decomposition of the red coloured 
complex obtained by adding NaOH to 
decomposed DNPH-Aliphatic amine mixture in 
-1 DMSO. 5x10 'mol 1 * DNPH, 0.50 mol 
n-Butoil amine, 4N Sodium hydroxide. 
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Fig. 3: Calibration plots for DKPH 
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